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§)  Tire  cord  having  enough  high  tensile  strength,  high 
initial  modulus,  and  high  fatigue  resistance  required  for 
radial  tire  and  belted  bias  tire  can  be  obtained  from  polyvi- 
nyl  alcohol  polymer.  Said  cord  is  constituted  by  multi-fila- 
ment  yarns  composed  of  a  polyvinyl  alcohol  polymer  having 
a  degree  of  polymerization  of  at  least  2000,  having  a  tensile 
strength  of  15  g/d  or  more  and  an  intitial  modulus  of  250  g/d 
or  more,  and  undergoing  substantially  no  fusion  between 
single  filaments.  It  has  cord  properties  of  not  less  than  8.5 
g/d  in  tensile  strength,  0.5  to  2.2%  in  middle  degree  of 
Blongation  (MDE),  and  0.2  to  2.0%  in  dry  heat  shrinkage 
factor  (AS). 
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D E S C R I P T I O N  

TIRE  CORD  MADE  OF  POLYVINYL  ALCOHOL 

[ T e c h n i c a l   F i e l d ]  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  t i r e   c o r d  

5  made  of   p o l y v i n y l   a l c o h o l   w h i c h   i s   e x c e l l e n t   i n   t e n s i l e  

s t r e n g t h ,   i n i t i a l   m o d u l u s   and  f a t i g u e   r e s i s t a n c e   and  c a n  

g i v e   a  p n e u m a t i c   t i r e   e x h i b i t i n g   e x c e l l e n t   c o n t r o l -  

l a b i l i t y ,   d u r a b i l i t y   and  q u a l i t y   r e p r o d u c i b i l i t y   and  l o w  

f u e l   c o n s u m p t i o n   i n   h i g h - s p e e d   r u n n i n g .  

10  [ B a c k g r o u n d   A r t ]  

T h e r e   a r e   t h r e e   k i n d s   of  p n e u m a t i c   t i r e s  

d e p e n d i n g   upon   t h e   a r r a n g e m e n t   of   c o r d   or   t h e   d i r e c t i o n  

t h e r e o f ,   i . e . ,   b i a s ,   r a d i a l   and  b e l t e d   b i a s   t i r e s ,   a m o n g  

w h i c h   r a d i a l   and  b e l t e d   b i a s   t i r e s   a r e   t h o u g h t   to  b e  

L5  e x c e l l e n t   in   c o n t r o l l a b i l i t y   in   h i g h - s p e e d   r u n n i n g   o w i n g  

to   t h e   r e t a i n e r   e f f e c t   on  t h e   b e l t   p a r t .  

As  m o t o r i z a t i o n   has   p r o c e e d e d ,   t h e   r e i n f o r c i n g  

m a t e r i a l   f o r   t h e   b e l t   p a r t   of  t h e   a b o v e   r a d i a l   and  b e l t e d  

b i a s   t i r e s   has   b e e n   r e q u i r e d   n o t   o n l y   to   h a v e   h i g h  

10  s t r e n g t h ,   m o d u l u s ,   d i m e n s i o n a l   s t a b i l i t y ,   i m p a c t  

r e s i s t a n c e ,   a d h e s i o n ,   c o m p r e s s i v e   m o d u l u s   and  s t i f f n e s s  

and  low  g r o w t h ,   b u t   a l s o   to  be  of   low  s p e c i f i c   g r a v i t y  

and  low  c o s t .  

R e c e n t l y ,   as  t h e   c o n s t r u c t i o n   of   s u p e r h i g h w a y  

!5  has   p r o c e e d e d ,   b e l t e d   b i a s   or  r a d i a l   t i r e s   w h i c h   a r e  
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e x c e l l e n t   in   c o n t r o l l a b i l i t y   i n   h i g h - s p e e d   r u n n i n g   h a v e  

s p r e a d .   Among  t h e m ,   a  r a d i a l   t i r e   h a v i n g   b e l t   made  o f  

s t e e l   f i b e r   i s   p a r t i c u l a r l y   n o t e d .   H o w e v e r ,   s u c h   a  

r a d i a l   t i r e   i s   d e s i g n e d   w i t h   t o o   much  r e g a r d   t o  

5  c o n t r o l l a b i l i t y .   T h e r e f o r e ,   t h e   u n e v e n n e s s   of   a  r o a d  

t e n d s   to  d i r e c t l y   a f f e c t   t h e   c a r   body   to  r e s u l t   i n  

u n c o m f o r t a b l e   r i d e   and  r e s i d e n c e .   F u r t h e r ,   t h e   r a d i a l  

t i r e   p r o d u c e s   h i d e o u s   n o i s e   in   r u n n i n g .   T h a t   i s   to  s a y ,  

t h e   g r o u n d i n g   p a r t   of  a  t i r e   h a v i n g   a  b e l t   made  of  s t e e l  

LO  f i b e r   i s   so  r i g i d   t h a t   t h e   u n e v e n n e s s   of  a  r o a d   d i r e c t l y  

a f f e c t s   t h e   c a r   b o d y .   T h e r e f o r e ,   when  t h e   c a r   r u n s   o n  

an  u n e v e n   r o a d ,   t he   c a r   v i b r a t e s   v i g o r o u s l y   to  r e s u l t   i n  

u n c o m f o r t a b l e   r i d e   and  r e s i d e n c e .   F u r t h e r ,   a  s t e e l   f i b e r  

c o r d   has   e s s e n t i a l   d i s a d v a n t a g e s   in   t h a t   i t   t e n d s   to   r u s t  

L5  u n l i k e   an  o r g a n i c   f i b e r   c o r d ,   t h u s   r e s u l t i n g   i n  

u n s u f f i c i e n t   d u r a b i l i t y   and  t h a t   t h e   f i b e r   has   a  h i g h  

s p e c i f i c   g r a v i t y   to  t h e r e f o r e   g i v e   a  h e a v y   t i r e ,   t h u s  

i n c r e a s i n g   f u e l   c o n s u m p t i o n .  

Unde r   t h e   a b o v e   c i r c u m s t a n c e s ,   a  t i r e   c o r d  

10  h a v i n g   a  b e l t   made  of   a  c o m b i n a t i o n   of  s t e e l   f i b e r   a n d  

a r a m i d   f i b e r   ( f o r   e x a m p l e ,   a  p r o d u c t   of  Du  P o n t ;  

" K e v l a r " )   has   b e e n   p r o p o s e d   as  a  t i r e   c o r d   w h i c h   a b s o r b s  

v i b r a t i o n   due  to  t he   u n e v e n n e s s   of  a  r o a d   as  c o m p l e t e l y  

as  p o s s i b l e   to  t h e r e b y   i m p r o v e   c o m f o r t a b l e n e s s   in   r i d i n g .  

15  H o w e v e r ,   t h i s   t i r e   c o r d   has   n o t   w i d e l y   b e e n   u s e d   as  y e t ,  

*  ■  *  »  •  *  f •  •  it  u t t  
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and  f i n d s   o n l y   l i m i t e d   u s e s ,   b e c a u s e   t h e   c o s t   of   t h e  

a r a m i d   f i b e r   i s   h i g h   and  t h e   d e s i g n   and  p r o d u c t i o n   of   a  

t i r e   c o n t a i n i n g   s u c h   a  t i r e   c o r d   a r e   d i f f i c u l t .  

A  p o l y v i n y l   a l c o h o l   y a r n   has   l o n g   b e e n   u s e d   a s  

5  a  t i r e   c o r d .   H o w e v e r ,   t h e   p o l y v i n y l   a l c o h o l   f i b e r   w a s  

t o o   p o o r   in   f a t i g u e   r e s i s t a n c e   s u b s t a n t i a l l y   to   be  u s e d  

as  a  r e i n f o r c i n g   m a t e r i a l   f o r   c a r c a s s   of   a  r a d i a l   t i r e .  

To  i m p r o v e   t h e   f a t i g u e   r e s i s t a n c e   of  a  p o l y v i n y l   a l c o h o l  

y a r n ,   a  p r o c e s s   f o r   p r o d u c i n g   a  p o l y v i n y l   a l c o h o l   y a r n  

L0  c o r d   w h e r e i n   t h e   c o n d i t i o n s   of   u p p e r   and  l o w e r   t w i s t i n g  

of   t he   p o l y v i n y l   a l c o h o l   c o r d   a r e   s p e c i f i e d   has   b e e n  

p r o p o s e d   in   J a p a n e s e   p a t e n t   p u b l i c a t i o n   No.  4 6 - 3 3 6 0 1 .  

H o w e v e r ,   t h e   e s s e n t i a l   d e f e c t   in   f a t i g u e   r e s i s t a n c e   of  a  

p o l y v i n y l   a l c o h o l   y a r n   c o u l d   n o t   be  r e m a r k a b l y   i m p r o v e d  

.5  by  t h i s   p r o c e s s   a i m i n g   a t   i m p r o v i n g   t h e   b e l t   p a r t   f r o m  

t h e   v i e w p o i n t   of   t h e   d e s i g n   t h e r e o f .   F u r t h e r ,   a  c o r d  

o b t a i n e d   by  i n t e r t w i n i n g   t h r e e   p o l y v i n y l   a l c o h o l   r a w  

y a r n s   of  1200  d e n i e r   (d)  a c c o r d i n g   to   t h e   p r i o r   a r t  

e x h i b i t e d   a  b r e a k i n g   s t r e n g t h   of  a t   m o s t   a b o u t   30  kg  a n d  

0  a  t e n s i l e   s t r e n g t h   of   a t   m o s t   a b o u t   7 .5   g / d .   T h u s ,   i t  

was  r e m a r k a b l y   i n f e r i o r   in   m e c h a n i c a l   s t r e n g t h   to   t h e  

a b o v e   a r a m i d   y a r n   c o r d .  

U n d e r   t h e s e   c i r c u m s t a n c e s ,   J a p a n e s e   p a t e n t  

a p p l i c a t i o n   K o k a i   p u b l i c a t i o n   No.  5 9 - 1 3 0 3 1 4   d i s c l o s e s   a  

5  s p i n n i n g   p r o c e s s   w h i c h   c o m p r i s e s   i n t r o d u c i n g   a  s o l u t i o n  

f  i  •  t  «  .  t  •  t  < 
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of   a  h i g h - m o l e c u l a r   w e i g h t   p o l y v i n y l   a l c o h o l   h a v i n g   a  

m o l e c u l a r   w e i g h t   of  a t   l e a s t   5 0 0 , 0 0 0   m a i n t a i n e d   a t   a  h i g h  

t e m p e r a t u r e   v i a   a  s p i n n e r e t   i n t o   a  c o o l i n g   b a t h   to   f o r m  

a  r u b b e r y   f i b r o u s   g e l   f rom  t h e   i n t r o d u c e d   s o l u t i o n   a n d  

5  r e m o v i n g   t h e   s o l v e n t   f rom  t h e   r u b b e r y   f i b r o u s   g e l   b y  

e x t r a c t i o n   to  o b t a i n   a  p o l y v i n y l   a l c o h o l   y a r n   h a v i n g   a  

t e n s i l e   s t r e n g t h   of  a t   l e a s t   10  g / d   and  an  i n i t i a l   m o d u l u s  

of  a t   l e a s t   200  g / d   ( i . e . ,   g e l   s p i n n i n g   p r o c e s s ) .  

H o w e v e r ,   t h i s   p r o c e s s   n e c e s s i t a t e s   a  p o l y v i n y l  

10  a l c o h o l   h a v i n g   a  m o l e c u l a r   w e i g h t   of   a t   l e a s t   5 0 0 , 0 0 0  

w h i c h   i s   d i f f i c u l t   to   p r e p a r e   i n d u s t r i a l l y   ( in   t h e   a b o v e  

J a p a n e s e   p a t e n t   a p p l i c a t i o n   Koka i   p u b l i c a t i o n ,   s u c h   a  

p o l y m e r   i s   a c t u a l l y   p r e p a r e d   by  an  u n o r d i n a r y  

p o l y m e r i z a t i o n   p r o c e s s   i n v o l v i n g   i r r a d i a t i o n   w i t h  

15  u l t r a v i o l e t   a t   a  low  t e m p e r a t u r e   f o r   a  l o n g   t i m e )   . 

F u r t h e r ,   t h o u g h   t h e   L a i d - O p e n   P a t e n t   d i s c l o s e s   t h e  

p r o d u c t i o n   of  m o n o f i l a m e n t ,   i t   d o e s   n o t   d i s c l o s e   t h e  

p r o d u c t i o n   of  m u l t i f i l a m e n t   y a r n   w h i c h   i s   u s e f u l   as  a  

t i r e   c o r d .   A c c o r d i n g l y ,   t h o u g h   a  m o n o f i l a m e n t   can   b e  

20  e a s i l y   p r o d u c e d   by  t h e   a b o v e   g e l   s p i n n i n g   p r o c e s s ,   a  

m u l t i f i l a m e n t   y a r n   i s   d i f f i c u l t l y   p r o d u c e d   by  i t ,   b e c a u s e  

t h e   p r o d u c t i o n   of  a  m u l t i f i l a m e n t   y a r n   a d d i t i o n a l l y  

r e q u i r e s   a v o i d a n c e   of  f u s i o n   b e t w e e n   s i n g l e   f i l a m e n t s .  

T h u s ,   a  h i g h - s t r e n g t h   p o l y v i n y l   a l c o h o l   y a r n   p r o d u c e d   b y  

25  t h e   p r o c e s s   c o u l d   n o t   be  u s e d   as  raw  y a r n   f o r   t i r e   c o r d .  

t  i  t  i  r  r 
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The  i n v e n t o r s   of  t h e   p r e s e n t   i n v e n t i o n   h a v e  

g i v e n   a t t e n t i o n   to   a  p o l y v i n y l   a l c o h o l   y a r n   w h i c h   i s   n o t  

h e a v y ,   d o e s   n o t   r u s t   u n l i k e   a  s t e e l   f i b e r   and  i s   n o t  

c o s t l y   u n l i k e   an  a r a m i d   y a r n   and  h a v e   r e m a r k a b l y   i m p r o v e d  

5  t h e   c h a r a c t e r i s t i c s   t h e r e o f   r e q u i r e d   of  t i r e   c o r d   ( f o r  

e x a m p l e ,   m e c h a n i c a l   p r o p e r t i e s   and  f a t i g u e   r e s i s t a n c e )  

as  c o m p a r e d   w i t h   t h e   p o l y v i n y l   a l c o h o l   y a r n   a c c o r d i n g   t o  

t h e   p r i o r   a r t .   F u r t h e r ,   t h e y   h a v e   s t u d i e d   on  t h e  

a p p l i c a t i o n   of   t h e   i m p r o v e d   p o l y v i n y l   a l c o h o l   y a r n   to   a  

LO  t i r e   c o r d   and  h a v e   a c c o m p l i s h e d   t h e   p r e s e n t   i n v e n t i o n   a s  

a  r e s u l t   of   t h e   s t u d y .  

[ D i s c l o s u r e   of   I n v e n t i o n ]  

An  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   a  t i r e   c o r d   c o n s t i t u t e d   by  p o l y v i n y l   a l c o h o l  

L5  m u l t i f i l a m e n t   y a r n s   w h i c h   has   e n o u g h   c h a r a c t e r i s t i c s   t o  

be  u s e d   as  a  b e l t   of   a  r a d i a l   t i r e   e x c e l l e n t   i n  

c o n t r o l l a b i l i t y   in   h i g h   s p e e d   r u n n i n g ,   s u c h   as  h i g h  

s t r e n g t h ,   h i g h   m o d u l u s ,   e x c e l l e n t   f a t i g u e   r e s i s t a n c e ,  

d i m e n s i o n a l   s t a b i l i t y ,   t h e r m a l   r e s i s t a n c e ,   low  h e a t  

!0  g e n e r a t i o n ,   low  g r o w t h   and  a d h e s i o n .   A n o t h e r   o b j e c t   o f  

t h e   p r e s e n t   i n v e n t i o n   i s   to  p r o v i d e   a  t i r e   c o r d   made  o f  

p o l y v i n y l   a l c o h o l   w h i c h   can   be  u s e d   n o t   o n l y   as  a  b e l t  

b u t   a l s o   as  a  c a r c a s s   of   a  r a d i a l   t i r e   or   b e l t e d   b i a s  

t i r e   s a t i s f y i n g   t h e   a b o v e   c h a r a c t e r i s t i c s   as  much  a s  

5  p o s s i b l e .   S t i l l   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  



t  <  r  (  t  t  t  *  i  r  t  t c  
r  i  *  f  t  r  1  1  i (  t t « *   t  *  t  t  «  e 

0 ' 2 2 5 3 9 1  

-  6  -  

i s   to   p r o v i d e   a  p n e u m a t i c   t i r e   w h i c h   has   an  i m p r o v e d  

u n i f o r m i t y   and  i s   e x c e l l e n t   i n   c o m f o r t a b l e n e s s   in   r i d i n g  

and  c o n t r o l l a b i l i t y .  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  t i r e   c o r d  

5  c o n s t i t u t e d   by  m u l t i f i l a m e n t   y a r n s   c o m p o s e d   of  a  

p o l y v i n y l   a l c o h o l   p o l y m e r   h a v i n g   a  d e g r e e   o f  

p o l y m e r i z a t i o n   of  a t   l e a s t   2 0 0 0 ,   h a v i n g   a  t e n s i l e  

s t r e n g t h   of  15  g / d   or  more  and  an  i n i t i a l   m o d u l u s   o f  

250  g / d   or  more   and  u n d e r g o i n g   s u b s t a n t i a l l y   no  f u s i o n  

10  b e t w e e n   s i n g l e   f i l a m e n t s ,   w h i c h   has   c o r d   p r o p e r t i e s   o f  

n o t   l e s s   t h a n   8.5  g / d   in   t e n s i l e   s t r e n g t h ,   0 .5   to   2 . 2 %  

in   medium  e l o n g a t i o n   (MDE)  and  0 .2   to   2.0%  in   t h e r m a l  

s h r i n k a g e   (AS)  . 

T h a t   i s   to  s a y ,   t h e   i n v e n t o r s   of  t h e   p r e s e n t  

15  i n v e n t i o n   have   g i v e n   a t t e n t i o n   to   t h e   f a c t   t h a t   t h e  

c h a r a c t e r i s t i c s   of  a  p o l y v i n y l   a l c o h o l   t i r e   c o r d ,   s u c h   a s  

t h e   a b o v e - m e n t i o n e d   m e c h a n i c a l   s t r e n g t h   and  f a t i g u e  

r e s i s t a n c e ,   can  be  e n h a n c e d   by  e n h a n c i n g   t h e   d e g r e e   o f  

p o l y m e r i z a t i o n   of  t h e   p o l y v i n y l   a l c o h o l   c o m p o s i n g   t h e  

20  m u l t i f i l a m e n t   y a r n s   of  t he   t i r e   c o r d   and  h a v e   c o n d u c t e d  

an  i n t e n s i v e   s t u d y .   As  a  r e s u l t   of  t h i s   s t u d y ,   t h e y   h a v e  

f o u n d   t h a t   m u l t i f i l a m e n t   y a r n s   w h i c h   d o e s   n o t   u n d e r g o  

f u s i o n   b e t w e e n   s i n g l e   f i l a m e n t s   and  can  fo rm  a  t i r e   c o r d  

e x c e l l e n t   in   m e c h a n i c a l   p r o p e r t i e s   and  f a t i g u e   r e s i s t a n c e  

25  can  be  o b t a i n e d   f rom  a  p o l y v i n y l   a l c o h o l   p o l y m e r   h a v i n g   a  
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h i g h   d e g r e e   of   p o l y m e r i z a t i o n   by  e m p l o y i n g   s p e c i f i e d  

s p i n n i n g   means   and  s p e c i f i e d   y a r n - m a k i n g   m e a n s ,   a l t h o u g h  

an  i n c r e a s e   i n   t h e   d e g r e e   of  p o l y m e r i z a t i o n   of   p o l y v i n y l  
a l c o h o l   g e n e r a l l y   b r i n g s   a b o u t   a  r e m a r k a b l e   l o w e r i n g   i n  

5  s p i n n a b i l i t y   and  y a r n - m a k i n g   p r o p e r t i e s   t h e r e o f ,  

p a r t i c u l a r l y   in   d r a w a b i l i t y ,   and  f u s i o n   b e t w e e n   s i n g l e  

f i l a m e n t s   . 

[ B e s t   Mode  f o r   C a r r y i n g   Out  t h e   I n v e n t i o n ]  

The  p o l y v i n y l   a l c o h o l   m u l t i f i l a m e n t   y a r n  
.0  c o n s t i t u t i n g   t h e   t i r e   c o r d   of  t h e   p r e s e n t   i n v e n t i o n   i s  

c o m p o s e d   of   a  p o l y v i n y l   a l c o h o l   p o l y m e r   h a v i n g   a  d e g r e e  

of  p o l y m e r i z a t i o n   of  a t   l e a s t   2 0 0 0 ,   p r e f e r a b l y   3000  t o  

5 0 0 0 ,   has   a  h i g h   t e n s i l e   s t r e n g t h   of  15  g / d   or  more   and  a  

h i g h   i n i t i a l   m o d u l u s   of   250  g / d   or  more   and  d o e s   n o t  

5  u n d e r g o   f u s i o n   b e t w e e n   s i n g l e   f i l a m e n t s .   The  p h y s i c a l  

p r o p e r t i e s   of   t h e   t i r e   c o r d   a c c o r d i n g   to  t h e   p r e s e n t  

i n v e n t i o n   i s   d i r e c t l y   a f f e c t e d   by  t h e   a b o v e   e x c e l l e n t  

p r o p e r t i e s   of   t h e   y a r n   made  of   p o l y v i n y l   a l c o h o l   h a v i n g   a  

h i g h   d e g r e e   of   p o l y m e r i z a t i o n .  

3  P a r t i c u l a r l y ,   t h e   d e g r e e   of   p o l y m e r i z a t i o n   o f  

t h e   p o l y v i n y l   a l c o h o l   p o l y m e r   c o m p o s i n g   t h e   m u l t i f i l a m e n t  

y a r n   has   a  g r e a t   i n f l u e n c e   n o t   o n l y   upon   t h e   m e c h a n i c a l  

p r o p e r t i e s   ( s u c h   as  t e n s i l e   s t r e n g t h   or   i n i t i a l   m o d u l u s )  

of  t h e   m u l t i f i l a m e n t   y a r n   b u t   a l s o   upon   t he   c h a r a c t e r -  

i  i s   t i c s   of  t h e   t i r e   c o r d ,   f o r   e x a m p l e ,   f a t i g u e   r e s i s t a n c e ,  
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t h e r m a l   r e s i s t a n c e   and  w a t e r   r e s i s t a n c e ,   so  t h a t   t h e  

h i g h e r   t h e   d e g r e e ,   t h e   b e t t e r   t h e   r e s u l t .   H o w e v e r ,   a s  

t h e   d e g r e e   of   p o l y m e r i z a t i o n   i n c r e a s e s ,   t h e   f i b e r - f o r m i n g  

p r o p e r t i e s   l o w e r   and  i t   b e c o m e s   more   d i f f i c u l t   to   e n h a n c e  

5  t h e   p r o p e r t i e s   of  t h e   o b t a i n e d   m u l t i f i l a m e n t   y a r n .  

F u r t h e r ,   a  p o l y v i n y l   a l c o h o l   p o l y m e r   h a v i n g   t oo   h i g h   a  

d e g r e e   of  p o l y m e r i z a t i o n   i s   d i f f i c u l t l y   a v a i l a b l e  

c o m m e r c i a l l y   and  t h e r e f o r e   m u s t   be  p r e p a r e d   by  u n o r d i n a r y  

m e a n s ,   t h u s   u n f a v o r a b l y   r e s u l t i n g   in   e n h a n c e d   c o s t .   F o r  

10  t h e s e   r e a s o n s ,   i t   i s   p r e f e r r e d   t h a t   t h e   u p p e r   l i m i t   o f  

t h e   d e g r e e   of  p o l y m e r i z a t i o n   of  t h e   p o l y v i n y l   a l c o h o l  

p o l y m e r   i s   a b o u t   5 7 0 0 ,   p a r t i c u l a r l y   p r e f e r a b l y   a b o u t  

5 0 0 0 .  

The  m u l t i f i l a m e n t   y a r n   c o m p o s e d   of  t h e   a b o v e  

15  p o l y v i n y l   a l c o h o l   h a v i n g   a  d e g r e e   of  p o l y m e r i z a t i o n   of   a t  

l e a s t   2000  m u s t   h a v e   a  t e n s i l e   s t r e n g t h   of  15  g / d   o r  

m o r e ,   p r e f e r a b l y   17  g / d   or   m o r e ,   and  an  i n i t i a l   m o d u l u s  

of   250  g / d   or  m o r e ,   p r e f e r a b l y   290  g / d   or   m o r e ,   s t i l l  

p r e f e r a b l y   350  g / d   or   m o r e .   A c c o r d i n g   to   t h e   p r e s e n t  

20  i n v e n t i o n ,   a  r e i n f o r c i n g   e f f e c t   of  t i r e   c o r d   i s   e n h a n c e d  

by  b o t h   t h e   h i g h   t e n s i l e   s t r e n g t h   and  t he   h i g h   m o d u l u s   o f  

t h e   y a r n ,   so  t h a t   t h e   a m o u n t   of  y a r n   or   t h e   n u m b e r   o f  

p l i e s   a p p l i e d   to   a  t i r e   can   be  r e d u c e d ,   t h e   d e g r e e   o f  

d e f o r m a t i o n   of  a  t i r e   can   be  r e d u c e d   and  t h e   d e f o r m a t i o n  

25  r e c o v e r y   p r o p e r t i e s   can   be  e n h a n c e d .   T h u s ,   t h e   w e i g h t   o f  
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a  t i r e   i t s e l f   can   be  r e d u c e d   to   r e s u l t   in   l o w e r e d   f u e l  

c o n s u m p t i o n .   F u r t h e r ,   t h e   u s e f u l n e s s   of   t h e   y a r n   as  a  

r e i n f o r c i n g   m a t e r i a l   f o r   r a d i a l   or   b e l t e d   b i a s   t i r e s  

r e q u i r i n g   h i g h - s p e e d   s t a b i l i t y ,   d u r a b i l i t y ,   w e a r  
5  r e s i s t a n c e   and  t h e   l i k e   can  be  r e m a r k a b l y   e n h a n c e d .  

Now,  a  p r o c e s s   of  t h e   p r o d u c t i o n   of   t h e  

p o l y v i n y l   a l c o h o l   m u l t i f i l a m e n t   y a r n   c o n s t i t u t i n g   t h e  

t i r e   c o r d   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   w i l l   b e  

d e s c r i b e d .  

10  A  p o l y v i n y l   a l c o h o l   p o l y m e r   h a v i n g   a  d e g r e e   o f  

p o l y m e r i z a t i o n   of  a t   l e a s t   2000  i s   d i s s o l v e d   in   a  

s u i t a b l e   s o l v e n t   to  o b t a i n   a  s o l u t i o n   h a v i n g   a  c o n c e n t r a -  

t i o n   of   5  to   25%  by  w e i g h t .   E x a m p l e s   of   t h e   s o l v e n t  

i n c l u d e   o r g a n i c   s o l v e n t s   s u c h   as  d i m e t h y l   s u l f o x i d e  

-5  (DMSO)  ,  g l y c e r i n ,   e t h y l e n e d i a m i n e ,   e t h y l e n e   g l y c o l ,  

d i e t h y l e n e t r i a m i n e   and  p h e n o l ;   w a t e r ;   a q u e o u s   s o l u t i o n s  

of  i n o r g a n i c   s a l t s   s u c h   as  z i n c   c h l o r i d e ,   s o d i u m  

t h i o c y a n a t e ,   c a l c i u m   c h l o r i d e   and  a l u m i n u m   c h l o r i d e   a n d  

m i x t u r e s   t h e r e o f .  

0  The  o b t a i n e d   s o l u t i o n   i s   u s e d   as  a  s p i n n i n g  

s o l u t i o n   and  e x t r u d e d   v i a   a  m u l t i - h o l e   s p i n n e r e t   h a v i n g  

g e n e r a l l y   a t   l e a s t   20  h o l e s ,   p r e f e r a b l y   50  to   5000  h o l e s .  

A c c o r d i n g   to   t he   p r e s e n t   i n v e n t i o n ,   t h e   h i g h - s t r e n g t h   a n d  

h i g h - m o d u l u s   m u l t i f i l a m e n t   y a r n   c o m p o s e d   of   p o l y v i n y l  

5  a l c o h o l   m u s t   be  p r o d u c e d   in   s u c h   a  way  as  to   p r e v e n t  
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f u s i o n   b e t w e e n   s i n g l e   f i l a m e n t s   e f f e c t i v e l y .   And  t h e  

o b t a i n e d   s t r e t c h e d   y a r n   m u s t   n o t   g i v e   l o n g - p e r i o d   i m a g e s  

in   t h e   s m a l l - a n g l e   X - r a y   s c a t t e r i n g   a n a l y s i s   t h e r e o f .  

T h e r e f o r e ,   s p e c i a l   c o n t r i v a n c e   w h i c h   w i l l   be  d e s c r i b e d  

5  m u s t   be  made  in   t h e   s p i n n i n g   and  t r e a t m e n t   of  t h e  

m u l t i f i l a m e n t   y a r n .  

An  e x a m p l e   of  s u c h   a  s p i n n i n g   p r o c e s s   i s   a n  

i n d u s t r i a l l y   a d v a n t a g e o u s   d r y - j e t   wet   s p i n n i n g   p r o c e s s  

w h i c h   c o m p r i s e s   j e t t i n g   a  s p i n n i n g   s o l u t i o n   i n t o   a n  

10  i n e r t   a t m o s p h e r e   s u c h   as  a i r   and  i n t r o d u c i n g   t h e   j e t t e d  

f i b r o u s   s u b s t a n c e   i n t o   a  c o a g u l a t i n g   b a t h .  

E x a m p l e s   of  t he   c o a g u l a t i n g   a g e n t   to   be  u s e d  

in   t h e   d r y - j e t   wet   s p i n n i n g   p r o c e s s   f o r   t h e   p u r p o s e   o f  

c o m p l e t i n g   t h e   c o a g u l a t i o n   of  t h e   f i b r o u s   s u b s t a n c e  

15  j e t t e d   f rom  a  s p i n n e r e t   i n c l u d e   a l c o h o l s   s u c h   as  m e t h a n o l ,  

e t h a n o l   and  b u t a n o l ;   a c e t o n e ;   b e n z e n e ;   t o l u e n e ;   m i x t u r e s  

of  DMSO  w i t h   a t   l e a s t   one  of  t hem;   s a t u r a t e d   a q u e o u s  

s o l u t i o n s   of  i n o r g a n i c   s a l t s   and  a q u e o u s   c a u s t i c   s o d a ,  

among  w h i c h   a l c o h o l s   s u c h   as  m e t h a n o l   and  e t h a n o l   a n d  

20  a c e t o n e   a r e   p r e f e r r e d .  

A l t h o u g h   t h e   d i s t a n c e   b e t w e e n   t h e   s p i n n e r e t  

and  t h e   s u r f a c e   of  t h e   c o a g u l a t i n g   b a t h   i s   n o t  

p a r t i c u l a r l y   l i m i t e d ,   i f   t h e   d i s t a n c e   i s   l e s s   t h a n   3  mm, 

t h e   a d v a n t a g e o u s   c h a r a c t e r i s t i c s   of  t h e   d r y - j e t   w e t  

25  s p i n n i n g   p r o c e s s   w i l l   n o t   be  e x h i b i t e d   s u f f i c i e n t l y .  
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T h e r e f o r e ,   no  f i n e   m u l t i f i l a m e n t   y a r n   w i l l   be  f o r m e d   o r  

t h e   s p i n n i n g   s t a b i l i t y   w i l l   be  l o w e r e d .   On  t h e   c o n t r a r y ,  

i f   t h e   d i s t a n c e   i s   more  t h a n   50  mm,  t h e   f i b r o u s   s u b s t a n c e  

j e t t e d   f rom  a  s p i n n e r e t   w i l l   be  d i f f i c u l t   to   r u n   s t a b l y ,  

5  so  t h a t   t h e y   w i l l   be  b r o u g h t   i n t o   c o n t a c t   w i t h   e a c h  

o t h e r   by  s l i g h t   s h a k i n g   to  r e s u l t   in   f u s i o n .  

A c c o r d i n g l y ,   t h e   d i s t a n c e   i s   p r e f e r a b l y   s e l e c t e d   f rom  3 

to   50  mm. 

The  o b t a i n e d   c o a g u l a t e d   m u l t i f i l a m e n t   y a r n   i s  

L0  t h e n   s t r e t c h e d   by  a  s i n g l e -   or   m u l t i - s t a g e   p r o c e s s  

g e n e r a l l y   2 - t o   5 - f o l d .   T h e n ,   i t   i s   d r i e d ,   p r e f e r a b l y  

w h i l e   t h e   s i n g l e   f i l a m e n t s   a r e   s e p a r a t e d   f rom  e a c h   o t h e r  

and  v i b r a t e d   by  e x p o s i n g   them  to  a  t u r b u l e n t   f l o w   of  a  

g a s .   F u r t h e r ,   t h e   f u s i o n   b e t w e e n   s i n g l e   f i l a m e n t s   c a n  

.5  be  e f f e c t i v e l y   p r e v e n t e d   by  a p p l y i n g   an  o i l   to   t h e  

m u l t i - f i l a m e n t   y a r n   p r i o r   to   t h e   d r y i n g   w i t h   a  t u r b u l e n t  

f l o w   of  a  g a s .   F u r t h e r m o r e ,   t h e   f u s i o n   b e t w e e n   s i n g l e  

f i l a m e n t s   r e m a i n i n g   a f t e r   t h e   d r y i n g   may  be  r e m o v e d   b y ,  

f o r   e x a m p l e ,   e x p o s i n g   t h e   y a r n   to   a  t u r b u l e n t   f l o w   of   a  

0  gas   . 

The  d r i e d   m u l t i f i l a m e n t   y a r n   t h u s   o b t a i n e d   i s  

s u b j e c t e d   to   h o t   d r a w i n g   by  t h e   use   of  h e a t i n g   m e a n s  

s u c h   as  h e a t e d   t u b e ,   h e a t e d   r o l l ,   h o t   p l a t e ,   h o t   p i n ,  

h e a t e d   l i q u i d   or  f l u i d i z e d   b e d .   A l t h o u g h   t h e   d r a w i n g  

5  t e m p e r a t u r e   may  be  any  one  w h i c h   i s   l o w e r   t h a n   t h e  
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m e l t i n g   p o i n t   ( a b o u t   250°  C)  of  t h e   p o l y v i n y l   a l c o h o l ,  

i t   i s   p r e f e r a b l y   as  n e a r   t h e   m e l t i n g   p o i n t   as  p o s s i b l e ,  

i . e . ,   b e t w e e n   160  and  250°  C .  

The  f i n a l   t o t a l   s t r e t c h   r a t i o   by  t h e   a b o v e   h o t  

5  d r a w i n g   i s   a t   l e a s t   10,  p r e f e r a b l y   a t   l e a s t   12.  T h a t   i s  

to   s a y ,   t h e   d r a w i n g   may  be  made  u n t i l   t h e   s m a l l - a n g l e  

X - r a y   s c a t t e r i n g   a n a l y s i s   of   t h e   o b t a i n e d   m u l t i f i l a m e n t  

y a r n   g i v e s   no  l o n g - p e r i o d   i m a g e .  

The  t i r e   c o r d   c o n s t i t u t e d   by  t he   m u l t i f i l a m e n t  

L0  y a r n s   t h u s   o b t a i n e d   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n  

m u s t   h a v e   c o r d   p r o p e r t i e s   of   n o t   l e s s   t h a n   8 .5  g / d   i n  

t e n s i l e   s t r e n g t h ,   0 .5   to  2.2%  in   med ium  e l o n g a t i o n   (MDE) 

and  0 .2   to  2.0%  in   t h e r m a l   s h r i n k a g e   (AS).   I f   t h e  

t e n s i l e   s t r e n g t h   i s   l e s s   t h a n   8 .5   g / d ,   t h e   t i r e -  

L5  r e i n f o r c i n g   e f f e c t   w i l l   be  u n f a v o r a b l y   l o w e r e d .  

P a r t i c u l a r l y ,   when  t h e   t i r e   c o r d   i s   u s e d   as  a  

r e i n f o r c i n g   m a t e r i a l   f o r   a  b e l t   p a r t ,   i t   i s   p r e f e r r e d  

t h a t   t h e   c o r d   has   a  t e n s i l e   s t r e n g t h   of  a t   l e a s t   11  g / d ,  

b e c a u s e   of  t h e   r e l a t i o n s h i p   w i t h   t h e   c o e f f i c i e n t   o f  

10  t w i s t   of  g r e e n   c o r d   (raw  c o r d )   w h i c h   w i l l   be  d e s c r i b e d  

h e r e i n b e l o w .  

The  medium  e l o n g a t i o n   (MDE)  i s   0 . 5   to  1 . 2 % ,  

p r e f e r a b l y   0 .8   to  1 .2%,   when  t h e   c o r d   i s   u s e d   as  a  

r e i n f o r c i n g   m a t e r i a l   f o r   a  b e l t   p a r t ,   w h i l e   i t   i s   1 .0   t o  

:5  1 .9%,   p r e f e r a b l y   1 .2   to  1 .7%,   when  t h e   c o r d   i s   u s e d   as  a  
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r e i n f o r c i n g   m a t e r i a l   f o r   a  c a r c a s s   p a r t .   I f   t h e   m e d i u m  

e l o n g a t i o n   i s   l o w e r   t h a n   0 .5%,   t h e   t i r e   c o r d   w i l l   b e  

p o o r   in   t o u g h n e s s   and  w i l l   e x h i b i t   r e m a r k a b l y   l o w e r e d  

f a t i g u e   r e s i s t a n c e .   On  t h e   c o n t r a r y ,   i f   i t   i s   h i g h e r  

5  t h a n   2 .2%,   t h e   d e f o r m a t i o n   of  a  t i r e   u n d e r   a  l o a d   w i l l  

n o t   be  e f f e c t i v e l y   d e p r e s s e d ,   w h i c h   i s   u n f a v o r a b l e .  

The  t h e r m a l   s h r i n k a g e   (AS)  i s   0 . 2   to   1 . 4 % ,  

p r e f e r a b l y   0 .5   to   1 .2%,   when  t h e   c o r d   i s   u s e d   as  a  

r e i n f o r c i n g   m a t e r i a l   f o r   a  b e l t   p a r t ,   w h i l e   i t   i s   0 .4   t o  

L0  2 .0%,   p r e f e r a b l y   0 .8   to   1 .7%,   when  i t   i s   u s e d   as  a  

r e i n f o r c i n g   m a t e r i a l   f o r   c a r c a s s   p a r t .   I f   t h e   t h e r m a l  
i 

s h r i n k a g e   (AS)  i s   l e s s   t h a n   0 .2%,   i t   w i l l   be  d i f f i c u l t  

to  a b s o r b   s l i g h t   s ag   c a u s e d   by  b u r y i n g   t h e   c o r d   i n  

m o l d i n g   a  t i r e .   On  t h e   c o n t r a r y ,   i f   i t   i s   h i g h e r   t h a n  

L5  2 .0%,   t he   m o d u l u s   of   t h e   c o r d   w i l l   be  l o w e r e d   in   m o l d i n g  

a  t i r e   o w i n g   to   i t s   h i g h   h e a t   s h r i n k a g e ,   so  t h a t   t h e  

t i r e   c o r d   w i l l   c a u s e   s i g n i f i c a n t   d e f o r m a t i o n   ( u n d e r   l o a d )  

i n   t h e   m o l d e d   t i r e   to   t h e r e b y   l o w e r   t h e   r u n n i n g  

s t a b i l i t y   of   t h e   r a d i a l   t i r e   and  t h e   m o l d i n g   s t a b i l i t y  

10  of  t h e   t i r e ,   t h u s   r e s u l t i n g   ' i n   an  e n h a n c e d   r e j e c t   r a t e .  

The  t i r e   c o r d   h a v i n g   t h e   a b o v e   c o r d   p r o p e r t i e s  

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   has   a  c o e f f i c i e n t   o f  

t w i s t   w h i c h   i s   s e l e c t e d   f rom  500  to   2500 ,   p r e f e r a b l y   9 0 0  

to  2100 ,   d e p e n d i n g   upon   t h e   o b j e c t   and  u s e .   T h e r e   i s   a  

!5  c e r t a i n   r e l a t i o n s h i p   b e t w e e n   t h e   c o e f f i c i e n t   of   t w i s t   o f  
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t h e   c o r d   and  t h e   m e c h a n i c a l   p r o p e r t i e s   or  f a t i g u e  

r e s i s t a n c e   t h e r e o f .   T h a t   i s   to  s a y ,   as  t h e   c o e f f i c i e n t  

of  t w i s t   i n c r e a s e s ,   t h e   f a t i g u e   r e s i s t a n c e   i s   e n h a n c e d  

w i t h   a  l o w e r i n g   in   m e c h a n i c a l   p r o p e r t i e s   ( f o r   e x a m p l e ,  

5  s t r e n g t h   or  m o d u l u s )   .  F u r t h e r ,   t h e   p r o p e r t i e s   r e q u i r e d  

of  a  t i r e   c o r d   v a r y   d e p e n d i n g   upon   t h e   p a r t   of  a  t i r e   t o  

w h i c h   t h e   c o r d   i s   a p p l i e d .   For   e x a m p l e ,   when  t h e   c o r d  

i s   u s e d   in   a  b e l t   p a r t ,   e n h a n c e m e n t   in   m e c h a n i c a l  

p r o p e r t i e s   ,  p a r t i c u l a r l y   m o d u l u s   ,  i s   r e q u i r e d   m o r e  

10  s t r o n g l y   t h a n   t h a t   in   f a t i g u e   r e s i s t a n c e ,   w h i l e   when  i t  

i s   u s e d   in   a  c a r c a s s   p a r t ,   e n h a n c e m e n t   in   f a t i g u e  

r e s i s t a n c e   i s   r e q u i r e d   more   s t r o n g l y   t h a n   t h a t   i n  

m e c h a n i c a l   p r o p e r t i e s .  

For   t h e   a b o v e   r e a s o n s ,   t h e   c o e f f i c i e n t   o f  

15  t w i s t   of   t h e   t i r e   c o r d   to   be  u s e d   as  a  r e i n f o r c i n g  

m a t e r i a l   f o r   a  c a r c a s s   p a r t   may  be  f rom  1500  to   2 5 0 0 ,  

p r e f e r a b l y   f rom  1600  to   2100 ,   w h i l e   t h a t   of  t h e   t i r e  

c o r d   to   be  u s e d   as  a  r e i n f o r c i n g   m a t e r i a l   f o r   a  b e l t  

p a r t   may  be  f rom  500  to  1 5 0 0 ,   p r e f e r a b l y   900  to   1 4 0 0 .  

20  F u r t h e r ,   t h e   c o e f f i c i e n t   of  t w i s t   of  t h e   t i r e   c o r d   to   b e  

u s e d   as  a  r e i n f o r c i n g   m a t e r i a l   f o r   a  b e l t   i s   p r e f e r a b l y  

f rom  500  to  1500 .   When  t h e   t i r e   c o r d   i s   u s e d   a s  

r e i n f o r c i n g   m a t e r i a l   f o r   a  b e l t ,   t h e   f a t i g u e   r e s i s t a n c e  

w i l l   be  r e m a r k a b l y   l o w e r e d   i f   t h e   c o e f f i c i e n t   of  t w i s t  

25  i s   l e s s   t h a n   500,   w h i l e   t h e   medium  e l o n g a t i o n   (MED)  w i l l  
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be  h i g h   to   l o w e r   t h e   m o d u l u s   i f   i t   i s   more   t h a n   1 5 0 0 ,  

w h i c h   i s   u n f a v o r a b l e   b e c a u s e   h i g h   m o d u l u s   i s   r e q u i r e d   o f  

a  b e l t .   On  t h e   o t h e r   h a n d ,   when  t h e   t i r e   c o r d   i s   u s e d   a s  

a  r e i n f o r c i n g   m a t e r i a l   f o r   a  c a r c a s s   p a r t ,   t h e   f a t i g u e  

5  r e s i s t a n c e   of  t h e   c o r d   w i l l   be  n o t   e n o u g h   to   be  u s e d   i n  

c a r c a s s   p a r t   i f   t h e   c o e f f i c i e n t   of  t w i s t   i s   l e s s   t h a n  

1 5 0 0 ,   w h i l e   t h e   medium  e l o n g a t i o n   (MED)  w i l l   be  h i g h   t o  

l o w e r   t h e   m o d u l u s   u n f a b o r a b l y   i f   i t   i s   more   t h a n   2 5 0 0 .  

The  t i r e   c o r d   a c c o r d i n g   to  t h e   p r e s e n t  

10  i n v e n t i o n   can  e x h i b i t   e x c e l l e n t   c o r d   p r o p e r t i e s ,   even   i f  

i t   has   any  c o e f f i c i e n t   of  t w i s t   s e l e c t e d   f rom  t h e   a b o v e  

r a n g e   f o r   a  c a r c a s s   c o m p o n e n t   or  a  b e l t   c o m p o n e n t .  

The  f i n e n e s s   of  t h e   s i n g l e   f i l a m e n t   c o n s t i t u t i n g  

t h e   p o l y v i n y l   a l c o h o l   m u l t i f i l a m e n t   y a r n   may  be  0 .5   to   5 

15  d e n i e r   (d)  p r e f e r a b l y   1  to  3  d.  I f   t h e   f i n e n e s s   i s   l e s s  

t h a n   0 .5   d,  t h e   m u l t i f i l a m e n t   y a r n   w i l l   t e n d   to   b e  

d a m a g e d   in   t h e   p o s t - p r o c e s s i n g   s u c h   as  t w i s t i n g   to  b r i n g  

a b o u t   f u z z i n g   or   l o w e r e d   s t r e n g t h .   On  t h e   c o n t r a r y ,   i f  

t h e   f i n e n e s s   i s   more  t h a n   5  d,  t h e   m u l t i f i l a m e n t   y a r n  

20  w i l l   be  r i g i d   to   e x h i b i t   a  l o w e r e d   f l e x i b i l i t y ,   so  t h a t  

i t s   p o s t - p r o c e s s i n g   p r o p e r t i e s   s u c h   as  t w i s t a b i l i t y   w i l l  

be  l o w e r e d ,   t h u s   l o w e r i n g   t h e   s t r e n g t h   or  t h e   f a t i g u e  

r e s i s t a n c e   of   t h e   c o r d .  

The  h i g h - s t r e n g t h   and  h i g h - m o d u l u s  

25  m u l t i f i l a m e n t   y a r n   c o m p o s e d   of  t h e   a b o v e   p o l y v i n y l  
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a l c o h o l   h a v i n g   a  h i g h   d e g r e e   of   p o l y m e r i z a t i o n   w h i c h  

c o n s t i t u t e s   t he   t i r e   c o r d   a c c o r d i n g   to   t h e   p r e s e n t  

i n v e n t i o n   has   s t r u c t u r a l   c h a r a c t e r i s t i c s   w h e r e i n   n o  

l o n g - p e r i o d   image   i s   o b s e r v e d   in   t h e   s m a l l - a n g l e   X - r a y  

5  s c a t t e r i n g   a n a l y s i s   t h e r e o f .   The  c h a r a c t e r i s t i c s  

w h e r e i n   no  l o n g - p e r i o d   image   i s   o b s e r v e d   in   t h e   m e r i d i a n  

d i r e c t i o n   means   t h a t   t h e   y a r n   has   a  s t r u c t u r e   w h e r e i n  

t h e   p o l y m e r   c h a i n   c o n s t i t u t i n g   t h e   m u l t i f i l a m e n t   y a r n   i s  

h i g h l y   o r i e n t e d   in   t h e   d i r e c t i o n   of  t he   f i b e r   a x i s   a n d  

10  t h e   d i f f e r e n c e   in   d e n s i t y   b e t w e e n   t h e   c r y s t a l l i n e   p a r t  

and  t h e   a m o r p h o u s   p a r t   i s   s m a l l .   A c t u a l l y ,   owing   t o  

s u c h   s t r u c t u r a l   c h a r a c t e r i s t i c s ,   b o t h   t h e   t h e r m a l  

s h r i n k a g e   of  t h e   m u l t i f i l a m e n t   y a r n   and  t h e   t h e r m a l  

d e f o r m a t i o n   c a u s e d   by  v u l c a n i z i n g   t h e   r u b b e r   in   w h i c h  

15  t h e   t w i s t e d   t i r e   c o r d   has   b e e n   b u r i e d   a r e   r e m a r k a b l y  

s m a l l .   A c c o r d i n g l y ,   t h e   t i r e   c o r d   c o n s t i t u t e d   by  t h e  

a b o v e   m u l t i f i l a m e n t   y a r n s   e x h i b i t s   h i g h   m o d u l u s   and  i s  

e x c e l l e n t   in   f a t i g u e   r e s i s t a n c e   o w i n g   to   t h e   p e r f e c t n e s s  

and  s t a b i l i t y   of  t h e   f i b e r   s t r u c t u r e .   T h e r e f o r e ,   t h e  

20  t i r e   c o r d   s e r v e s   to   p r e v e n t   t h e   d e f o r m a t i o n   of  t h e   s i d e  

w a l l   of   a  t i r e   and  to  e n h a n c e   t h e   f a t i g u e   r e s i s t a n c e   o f  

a  c a r c a s s .   T h u s ,   t h e   t i r e   c o r d   a c c o r d i n g   to   t h e   p r e s e n t  

i n v e n t i o n   s a t i s f i e s   t h e   c h a r a c t e r i s t i c s   r e q u i r e d   of  a  

t i r e   c o r d .  

r  (  t  t  t  l  .  T  t 
- f i t   i  <  t  i  « 
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Now,  a  p r o c e s s   f o r   t he   p r o d u c t i o n   of  a  t i r e  

c o r d   s a t i s f y i n g   t h e   a b o v e   c o r d   p r o p e r t i e s   f r o m  

h i g h - s t r e n g t h   and  h i g h - m o d u l u s   m u l t i f i l a m e n t   y a r n s  

c o m p o s e d   of  a  p o l y v i n y l   a l c o h o l   p o l y m e r   h a v i n g   a  h i g h  

5  d e g r e e   of  p o l y m e r i z a t i o n   w i l l   be  d e s c r i b e d   in   d e t a i l .  

The  a b o v e   p o l y v i n y l   a l c o h o l   m u l t i f i l a m e n t   y a r n s  

a r e   t w i s t e d   w i t h   an  o r d i n a r y   t w i s t e r   so  as  to   g i v e   a  

c o e f f i c i e n t   of  t w i s t   of  w i t h i n   t h e   a b o v e   r a n g e   s u i t a b l e  

to  be  u s e d   as  a  t i r e   c o r d .   The  o b t a i n e d   t w i s t e d   y a r n s  

10  a r e   d i p p e d   in   an  o r d i n a r y   a d h e s i v e   s u c h   as  r e s o r c i n o l -  

f o r m a l i n -   l a t e x   ( h e r e i n a f t e r   r e f e r r e d   to  m e r e l y   as  " R F L " )  

or  e p o x y   r e s i n   to   t h e r e b y   i m p a r t   a d h e s i o n   to   r u b b e r  

t h e r e t o .  

R e p r e s e n t a t i v e   e x a m p l e s   of  t h e   a d h e s i v e   a r e   a s  

15  f o l l o w s :  

RF  r e s o r c i n o l   (100%)  

f o r m a l i n   (37%) 

NaOH  (10%) 

w a t e r  

1 8 . 5   g  

2 7 . 0   g  

6 .1   g  

2 4 0 . 3   g  

20  RFL  VP  L a t e x   (a  p r o d u c t   of  N i p p o n   Zeon  C o . ,   L t d . ;  

" N i p o l "   2518FS)   :  4 2 7 . 3   g  

w a t e r   :  2 8 0 . 9   g  

TSC 

RF/L  r a t i o  

20% 

1 / 6  
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kf   a g x n g  

RFL  a g i n g  

25°  C  x  6  h r s  

25°  C  x  12  h r s  

I t   i s   p r e f e r a b l e   t h a t   t h e   TSC  of   t h e   a d h e s i v e  

i s   so  h i g h   ( a t   l e a s t   20%)  as  to   r e d u c e   t h e   a m o u n t   of   RFL 

5  s o a k i n g   i n t o   t h e   g r e e n   c o r d   as  much  as  p o s s i b l e ,   t h e r e b y -  

e n h a n c i n g   t h e   a d h e s i o n   of  t h e   c o r d   to   t h e   r u b b e r   and  t h e  

s t r e n g t h   of   t h e   c o r d .   S i m i l a r l y ,   i t   i s   p r e f e r a b l e   t h a t  

t h e   c o n c e n t r a t i o n   of  RFL  i s   a l s o   so  h i g h   as  to   r e d u c e  

t h e   a m o u n t   of  RFL  a d h e r i n g   to   t h e   c o r d   as  much  a s  

L0  p o s s i b l e .   For   e x a m p l e ,   t h e   a m o u n t   of  RFL  a d h e r i n g   t o  

t h e   c o r d   i s   g e n e r a l l y   a t   m o s t   10%,  p r e f e r a b l y   a t   m o s t   8%. 

The  a d h e s i v e -   t r e a t e d   c o r d   ( d i p p e d   c o r d )   i s  

s u b j e c t e d   to   d r y i n g   and  h e a t   t r e a t m e n t .   T h a t   i s   to   s a y ,  

t h e   c o r d   i s   p a s s e d   t h r o u g h   a  d r y i n g   zone   h a v i n g   a  

L5  t e m p e r a t u r e   of  100  to   160°  C,  p r e f e r a b l y   110  to   150°  C 

f o r   60  to   240  s e c o n d s ,   p r e f e r a b l y   90  to   180  s e c o n d s   u n d e r  

a  s t r e t c h   of   0  to   3%,  p r e f e r a b l y   0  to  2%,  a  h e a t i n g   z o n e  

h a v i n g   a  t e m p e r a t u r e   of  160  to   240°  C,  p r e f e r a b l y   170  t o  

220°  C  f o r   20  to   60  s e c o n d s ,   p r e f e r a b l y   30  to   50  s e c o n d s  

20  u n d e r   a  s t r e t c h   of  0  to   4%,  p r e f e r a b l y   1  to   3%  (when  t h e  

c o r d   i s   1 5 0 0 D / 2 ,   u n d e r   a  t e n s i o n   of  1  to   6  kg ,   p r e f e r a b l y  

1 .5   to  4  kg)  and  f i n a l l y   a  n o r m a l i z i n g   zone   h a v i n g   a  

t e m p e r a t u r e   of  160  to  240°  C,  p r e f e r a b l y   170  to   220°  C 

f o r   20  to  60  s e c o n d s ,   p r e f e r a b l y   30  to  50  s e c o n d s ,   u n d e r  
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a  s t r e t c h   of  -3  to   1%,  p r e f e r a b l y   -2  to  0%  (when  t h e  

c o r d   i s   1 5 0 0 D / 2 ,   u n d e r   a  t e n s i o n   of  1  to  5  kg ,   p r e f e r a b l y  

1  to  3  kg  p e r   c o r d )   s u c c e s s i v e l y .  

The  c o r d   t h u s   o b t a i n e d   ( i . e . ,   d i p p e d   c o r d )   h a s  

5  b e e n   f o u n d   to   h a v e   a  p r o p e r t y   w h e r e i n   t he   s m a l l e r   t h e  

f l e x u r a l   r i g i d i t y ,   t he   h i g h e r   t h e   s t r e n g t h .  

T h e r e f o r e ,   i t   i s   p r e f e r a b l e   t h a t   t h e   t r e a t e d  

c o r d   o b t a i n e d   by  t h e   a b o v e   p r o c e d u r e   i s   s u b j e c t e d   t o  

s o f t e n i n g   t r e a t m e n t   to  r e d u c e   t h e   f l e x u r a l   r i g i d i t y   o f  

10  t h e   c o r d ,   t h e r e b y   i m p r o v i n g   t he   e a s i n e s s   in   p a s s i n g  

v a r i o u s   s t e p s   and  h a n d l e a b i l i t y   of  t h e   c o r d   as  w e l l   a s  

e n h a n c i n g   t h e   s t r e n g t h   t h e r e o f .  

[ E x a m p l e ]  

The  e f f e c t   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   b e  

15  d e s c r i b e d   by  t h e   f o l l o w i n g   E x a m p l e s   in   more  d e t a i l .  

The  c h a r a c t e r i s t i c s   of  raw  y a r n ,   c o r d  

p r o p e r t i e s ,   GY  t u b e   f a t i g u e   r e s i s t a n c e ,   m e t h o d   of  s m a l l -  

a n g l e   X - r a y   s c a t t e r i n g   a n a l y s i s   and  s e p a r a b i l i t y   o f  

s i n g l e   f i l a m e n t   w e r e   m e a s u r e d   by  t h e   f o l l o w i n g   m e t h o d s ,  

20  r e s p e c t i v e l y .  

C h a r a c t e r i s t i c s   of  raw  y a r n  

T e n s i l e   s t r e n g t h ,   e l o n g a t i o n   and  i n i t i a l  

m o d u l u s   we re   m e a s u r e d   a c c o r d i n g   to  J I S - L - 1 0 1 7 .   A  h a n k  

of   a  s a m p l e   was  a l l o w e d   to  s t a n d   in   a  room  c o n d i t i o n e d   t o  

25  20°  C  and  65%RH  f o r   24  h o u r s   and  t w i s t e d   8  t u r n s   p e r  



I'  ir  (  <  I  « L - i r   « »   » f  «  «  «  ;  I  »  It  * 
!  ;  ' " '   :  

0 2 2 5 3 9 1  

-  20  -  

10  cm.  The  r e s u l t i n g   s a m p l e   was  e x a m i n e d   by  t h e   u s e   o f  

a  t e n s i l e   s t r e n g t h   t e s t e r   of   DTM-4L  t y p e   " T e n s i l o n "   ( a  

p r o d u c t   of   Toyo  B a l d w i n   C o . ,   L t d . )   u n d e r   c o n d i t i o n s   o f  

s a m p l e   l e n g t h   of   25  cm  and  s t r e t c h i n g   r a t e   of  30  c m /  

5  m i n u t e .   An  a i r   jaw  f o r   c o r d   was  u s e d   as  a  c h a c k .  

Cord   p r o p e r t i e s  

(i)   C o e f f i c i e n t   of  t w i s t   was  c a l c u l a t e d   by  t h e  

f o l l o w i n g   e q u a t i o n :  

C o e f f i c i e n t   of  t w i s t   =  n u m b e r   of  t w i s t s   ( t u r n s / 1 0   cm)  x  

1-0  V(  f i n e n e s s   of  raw  y a r n )   x  i n u m b e r   or  i n t e r t w i n e d   y a r n s )  

( i i )   T e n s i l e   s t r e n g t h   was  m e a s u r e d   u n d e r   t h e   s a m e  

c o n d i t i o n s   as  t h o s e   u s e d   in   t h e   a b o v e   c a s e   of  r a w  

y a r n .  

( i i i )   T h e r m a l   s h r i n k a g e   (AS) 

L5  A  h a n k   of  a  s a m p l e   was  a l l o w e d   to   s t a n d   in   a  

room  c o n d i t i o n e d   to   20°  C  and  65%RH  f o r   24  h o u r s .   A  l o a d  

c o r r e s p o n d i n g   to   0 . 1   g / d   was  a p p l i e d   to   a  s a m p l e   t o  

m e a s u r e   t h e   l e n g t h   of  t he   s a m p l e   U)  .  The  s a m p l e   w a s  

a l l o w e d   to   s t a n d   in   an  oven   of  180°  C  u n d e r   d r y  

!0  a t m o s p h e r e   in   a  w e i g h t l e s s   s t a t e   f o r   30  m i n u t e s   and  t a k e n  

o u t   of   t h e   o v e n .   The  s a m p l e   was  a l l o w e d   to  s t a n d   i n   a  

room  c o n d i t i o n e d   as  above   f o r   4  h o u r s .   A  l o a d  

c o r r e s p o n d i n g   to  0 . 1   g / d   was  a g a i n   a p p l i e d   to   t h e   s a m p l e  

to  d e t e r m i n e   i t s   l e n g t h   (J^)  .  The  t h e r m a l   s h r i n k a g e   (AS) 

15  was  c a l c u l a t e d   a c c o r d i n g   to  t he   f o l l o w i n g   e q u a t i o n :  
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AS  =  [ U   -  1^ ) /%]   x  100  (%) 

( iv )   Medium  e l o n g a t i o n   (MDE) 

A  d e g r e e   of  e l o n g a t i o n   u n d e r   a  s p e c i f i e d   l o a d  

was  d e t e r m i n e d   b a s e d   on  t h e   l o a d - e l o n g a t i o n   c u r v e  

o b t a i n e d   by  t h e   a b o v e   m e a s u r e m e n t   of  t e n s i l e   s t r e n g t h .  

T h i s   d e g r e e   of  e l o n g a t i o n   was  e m p l o y e d   as  a  m e d i u m  

e l o n g a t i o n .   T h a t   i s   to   s a y ,   when  two  y a r n s   h a v i n g   a  

f i n e n e s s   of  1500  d e n i e r   (D)  w e r e   i n t e r t w i n e d ,   t h e   d e g r e e  

of  e l o n g a t i o n   u n d e r   a  l o a d   of   6 . 7 5   kg  was  e m p l o y e d   a s  

i t s   medium  e l o n g a t i o n .   When  t h e   f i n e n e s s   of  raw  y a r n   o r  

t h e   n u m b e r   of  i n t e r t w i n e d   y a r n s   was  d i f f e r e n t   f rom  t h e  

a b o v e   one  r e s p e c t i v e l y ,   c o r r e c t i o n   was  made  as  f o l l o w s :  

When  two  y a r n s   of  1000D  were   i n t e r t w i n e d :  

d e g r e e   of  e l o n g a t i o n   u n d e r   a  l o a d   of  4 .5   k g  

When  t h r e e   y a r n s   of  1000D  were   i n t e r t w i n e d :  

d e g r e e   of  e l o n g a t i o n   u n d e r   a  l o a d   of  6 . 7 5   k g  

When  two  y a r n s   of  1800D  were   i n t e r t w i n e d :  

d e g r e e   of  e l o n g a t i o n   u n d e r   a  l o a d   of  8 .1   k g  

GY  t u b e   f a t i g u e   r e s i s t a n c e  

D e t e r m i n e d   a c c o r d i n g   to   J I S - L - 1 0 1 7 ,   1 3 2 1  

( m e t h o d   A)  w i t h   a  b e n d i n g   a n g l e   of  t u b e   of  9 0 ° .  

S m a l l - a n g l e   X - r a y   s c a t t e r i n g   a n a l y s i s  

E x a m i n e d   a c c o r d i n g   to  t h e   known  m e t h o d   u s i n g   a  

K i e s s i g   C a m e r a   w i t h   t he   f o l l o w i n g   d e v i c e   and  f o l l o w i n g  

c o n d i t i o n s   . 
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Use  of  an  X - r a y   g e n e r a t o r   of   RU-200  t y p e ;   a  

p r o d u c t   of  R i g a k u   Denk i   C o . ,   L t d .  

CuKa  r a y   (use   of  a  Ni  f i l t e r )   ,  o u t p u t :  

50  k V - 1 5 0   mA,  u se   of  a  0 .3   mm<j,  c o l l i m a t o r ,   s o a k   m e t h o d ,  
5  r a d i u s   of  c a m e r a   :  400  mm,  e x p o s u r e   t i m e   :  90  m i n u t e s ,  

f i l m :   a  p r o d u c t   of  Kodak  of   no  s c r e e n   t y p e .  

S e p a r a b i l i t y   of  s i n g l e   f i l a m e n t s  

A  m u l t i f i l a m e n t   y a r n   was  c u t   i n t o   a  l e n g t h   o f  
50  mm.  The  c u t   y a r n   was  s e p a r a t e d   i n t o   s i n g l e   f i l a m e n t s .  

.0  The  r a t i o   of  t h e   s i n g l e   f i l a m e n t s   s e p a r a t e d   w i t h o u t  

s u s t a i n i n g   damage   s u c h   as  b r e a k a g e   or  f i b r i l l a t i n g   w a s  

d e t e r m i n e d   and  e v a l u a t e d   a c c o r d i n g   to  t h e   f o l l o w i n g  

c r i t e r i a :  

o  :  90%  or  more  A  :  70  to  89%  x  :  70%  or  l e s s  

5  E x a m p l e   1 

A  12%  by  w e i g h t   s o l u t i o n   of  a  c o m p l e t e l y  

s a p o n i f i e d   p o l y v i n y l   a l c o h o l   ( d e g r e e   of   s a p o n i f i c a t i o n :  

99.5%  or  more )   h a v i n g   a  d e g r e e   of  p o l y m e r i z a t i o n   of  3 5 0 0  

in   d i m e t h y l   s u l f o x i d e   (DMSO)  was  j e t t e d   v i a   a  s p i n n e r e t  

0  h a v i n g   750  h o l e s   h a v i n g   a  d i a m e t e r   of  0 . 0 8   mm  s e t   a t   a  
d i s t a n c e   of   5  mm  u p w a r d   f rom  t h e   s u r f a c e   of  an  a l c o h o l i c  

c o a g u l a t i n g   b a t h   c o n t a i n i n g   15%  by  w e i g h t   of  DMSO  i n t o  

t h e   c o a g u l a t i n g   b a t h .   The  o b t a i n e d   c o a g u l a t e d  

m u l t i f i l a m e n t   y a r n   was  w a s h e d   in   a  m e t h a n o l   b a t h   t o  

5  r e m o v e   t h e   DMSO.  Then ,   t h e   y a r n   was  s t r e t c h e d   4 - f o l d   i n  
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a  m e t h a n o l   b a t h   and  d r i e d   w h i l e   s e p a r a t i n g   t he   s i n g l e  

f i l a m e n t s   f rom  e a c h   o t h e r   w i t h   a  t u r b u l e n t   f l o w   of  a  g a s .  

The  m u l t i f i l a m e n t   y a r n   was  s t r e t c h e d   5 . 1 - f o l d   w i t h   a  d r y  

h e a t   t u b e   h e a t e d   a t   240°  C,  t r e a t e d   w i t h   an  o i l   a n d  

5  w o u n d .   A  raw  y a r n   f o r   t i r e   c o r d   c o m p o s e d   of  a  

m u l t i f i l a m e n t   y a r n   was  o b t a i n e d .   The  y a r n   had  a  

f i n e n e s s   (D)  of  1500  d e n i e r ,   a  n u m b e r   of  s i n g l e  

f i l a m e n t s   of  750 ,   a  r a t i o   of  s e p a r a t e d   s i n g l e   f i l a m e n t s  

of  90%  or  m o r e ,   a  t e n s i l e   s t r e n g t h   of  17 .0   g / d   and  a n  

10  i n i t i a l   m o d u l u s   of  380  g / d ,   s u b s t a n t i a l l y   d i d   n o t  

u n d e r g o   f u s i o n   b e t w e e n   s i n g l e   f i l a m e n t s   and  d i d   n o t   g i v e  

l o n g - p e r i o d   i m a g e   in   t h e   s m a l l - a n g l e   X - r a y   s c a t t e r i n g  

a n a l y s i s   . 

C o m p a r a t i v e   E x a m p l e   1 

15  The  same  p r o c e d u r e   as  t h e   one  d e s c r i b e d   i n  

E x a m p l e   1  was  r e p e a t e d   e x c e p t   t h a t   t he   r a t i o   of  t h e  

s t r e t c h i n g   w i t h   a  d ry   h e a t   t u b e   was  3 .9   i n s t e a d   of  5 . 1  

to  o b t a i n   a  raw  y a r n   f o r   t i r e   c o r d   c o m p o s e d   of  a  

m u l t i f i l a m e n t   y a r n .   T h i s   y a r n   had   a  f i n e n e s s   of  2 0 0 0  

20  d e n i e r ,   a  n u m b e r   of  s i n g l e   f i l a m e n t s   of  750 ,   a  r a t i o   o f  

s e p a r a t e d   s i n g l e   f i l a m e n t s   of  90%  or  m o r e ,   a  t e n s i l e  

s t r e n g t h   of  1 3 . 2   g / d ,   a  m o d u l u s   in   t e n s i o n   of  274  g / d ,  

s u b s t a n t i a l l y   d i d   n o t   u n d e r g o   f u s i o n   b e t w e e n   s i n g l e  

o 
f i l a m e n t s   and  gave   l o n g - p e r i o d   image   of  198  A  in   t h e  

25  s m a l l - a n g l e   X - r a y   s c a t t e r i n g   a n a l y s i s .  

3  *  S  T  ■  *  '  \  I t  4  t  f  I  < 
#  4  *  *  t  I  * 
I  i  *  t i t  

r  f  *  *  *  f  »  (  f  I 
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**  t i r e   c o r a   o o t a x n e d   by  t h e   u se   of  t h i s   r a w  

y a m   e x h i b i t e d   c o r d   c h a r a c t e r i s t i c s   w h i c h   l a r g e l y   v a r i e d  

d e p e n d i n g   upon   t h e   c o e f f i c i e n t   of  t w i s t .   As  w i l l   b e  

d e s c r i b e d   in   C o m p a r a t i v e   E x a m p l e s   3  and  7  ,  t h e   t i r e   c o r d  

5  was  s a t i s f a c t o r y   as  a  c a r c a s s   c o m p o n e n t ,   b u t   u n s a t i s -  

f a c t o r y   as  a  b e l t   c o m p o n e n t   in   t e r m s   of  c o r d   p r o p e r t i e s .  

E x a m p l e   2 

A  10%  by  w e i g h t   s o l u t i o n   of  a  c o m p l e t e l y  

s a p o n i f i e d   p o l y v i n y l   a l c o h o l   ( d e g r e e   of  s a p o n i f i c a t i o n :  

L0  99.8%  or  more )   h a v i n g   a  d e g r e e   of  p o l y m e r i z a t i o n   of  4 6 0 0  

in   d i m e t h y l   s u l f o x i d e   (DMSO)  was  spun   by  t h e   s a m e  

d r y - j e t - w e t   s p i n n i n g   p r o c e s s   as  t h a t   d e s c r i b e d   in   E x a m p l e  

1.  The  o b t a i n e d   c o a g u l a t e d   m u l t i f i l a m e n t   y a r n   was  w a s h e d  

in   a  m e t h a n o l   b a t h   to   r e m o v e   t h e   DMSO.  T h e n ,   t h e   y a r n  

L5  was  s t r e t c h e d   4 - f o l d   in   a  m e t h a n o l   b a t h   and  d r i e d ,   w h i l e  

s e p a r a t i n g   t h e   s i n g l e   f i l a m e n t s   f rom  e a c h   o t h e r   w i t h   a  

t u r b u l e n t   f l o w   of   a  g a s .   The  r e s u l t i n g   y a r n   w a s  

s t r e t c h e d   5 . 3 - f o l d   w i t h   a  d ry   h e a t   t u b e   h e a t e d   a t   240°  C ,  

t r e a t e d   w i t h   an  o i l   and  w o u n d .   A  raw  y a r n   f o r   t i r e   c o r d  

10  c o m p o s e d   of   a  m u l t i f i l a m e n t   y a r n   was  o b t a i n e d .   T h e  

o b t a i n e d   y a r n   had   a  f i n e n e s s   of   1500  d e n i e r ,   a  number   o f  

s i n g l e   f i l a m e n t s   of  750,   a  r a t i o   of  s e p a r a t e d   s i n g l e  

f i l a m e n t s   of   90%  or  m o r e ,   a  t e n s i l e   s t r e n g t h   of   1 8 . 5   g / d ,  

a  m o d u l u s   i n   t e n s i o n   of  410  g / d ,   s u b s t a n t i a l l y   d i d   n o t  

5  u n d e r g o   f u s i o n   b e t w e e n   s i n g l e   f i l a m e n t s   and  d i d   n o t   g i v e  
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l o n g - p e r i o d   i m a g e   in   t h e   s m a l l - a n g l e   X - r a y   s c a t t e r i n g  

a n a l y s i s .  

C o m p a r a t i v e   E x a m p l e   2 

B o r i c   a c i d   was  a d d e d   to  a  17%  a q u e o u s   s o l u t i o n  

5  of   a  c o m p l e t e l y   s a p o n i f i e d   p o l y v i n y l   a l c o h o l   ( d e g r e e   o f  

s a p o n i f i c a t i o n ;   99.5%  or  more )   h a v i n g   a  d e g r e e   o f  

p o l y m e r i z a t i o n   of  1500  to  o b t a i n   a  s o l u t i o n   h a v i n g   a  pH 

of  6 . 0 .   T h i s   s o l u t i o n   was  j e t t e d   v i a   a  s p i n n e r e t   h a v i n g  

500  h o l e s   of  a  d i a m e t e r   of  0 .0   8  mm  i n t o   a  c o a g u l a t i n g  

10  b a t h   c o m p o s e d   of  an  a l k a l i n e   s a t u r a t e d   a q u e o u s   s o l u t i o n  

of   G l a u b e r ' s   s a l t .   The  o b t a i n e d   c o a g u l a t e d   m u l t i f i l a m e n t  

y a r n   was  s u b j e c t e d   to  4 - f o l d   w e t - h e a t   s t r e t c h i n g ,  

n e u t r a l i z e d   and  d r i e d .   The  r e s u l t i n g   y a r n   was  s t r e t c h e d  

3 . 6 - f o l d   in   a  h o t   a i r   of  235°  C  to  o b t a i n   a  raw  y a r n   f o r  

15  t i r e   c o r d   c o m p o s e d   of  a  m u l t i f i l a m e n t   y a r n .   The  o b t a i n e d  

y a r n   had  a  f i n e n e s s   of  1500  d e n i e r ,   a  n u m b e r   of  s i n g l e  

f i l a m e n t s   of  500 ,   a  r a t i o   of  s e p a r a t e d   s i n g l e   f i l a m e n t s  

of  90%  or  m o r e ,   a  t e n s i l e   s t r e n g t h   of  1 1 . 2   g / d ,   a  

m o d u l u s   in   t e n s i o n   of  235  g / d ,   s u b s t a n t i a l l y   d i d   n o t  

20  u n d e r g o   f u s i o n   b e t w e e n   s i n g l e   f i l a m e n t s   and  g a v e  
o 

l o n g - p e r i o d   i m a g e   of  180  A  in   t h e   s m a l l - a n g l e   X - r a y  

s c a t t e r i n g   a n a l y s i s .  

E x a m p l e s   3  to   5  and  C o m p a r a t i v e   E x a m p l e s   3  to  6 

S e v e n   t i r e   c o r d s   f o r   a  b e l t   c o m p o n e n t   h a v i n g  

25  c o e f f i c i e n t s   of  t w i s t   g i v e n   in   T a b l e   1  were   p r o d u c e d   b y  
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the   u s e   of   t h e   raw  y a r n s   o b t a i n e d   in   E x a m p l e s   1  and  2 
and  C o m p a r a t i v e   E x a m p l e s   1  and  2.  The  c o r d   p r o p e r t i e s  
b h e r e o f   w e r e   m e a s u r e d .   The  r e s u l t s   a r e   shown  in   T a b l e   1 .  

LUJ*/_L.G  _L_ 

C o e f f i c i e n t   T e n s i l e  
Raw  y a r n   of  t w i s t   s t r e n g t h   MDE  As 

( g / d )   (%)  (%) 

0  Ex  3  y a r n   o b t a i n e d   . EX*  3  in   Ex.  1  12°5  1 2 . 6   1 .0  1 . 0  

Comp.  y a r n   o b t a i n e d   _ _ _ n  Ex.  3  in   Comp.  Ex.  1  1220  9-4  1 .7   0 . 6  

5  Comp.  y a r n   o b t a i n e d  
Ex.  4  i n   Comp.  Ex.  2  1210  9-9  1 .5   0 . 8  

Ex  4  y a r n   o b t a i n e d  
0  4  in   Ex.  1  134°  H . 8   1 .1   i . i  

Comp.  y a r n   o b t a i n e d  
Ex.  5  i n   Ex.  1  1610  1 0 . 8   1 .2   1 . 3  

-  Comp.  y a r n   o b t a i n e d  
Ex.  6  in   Ex.  1  1870  9 .7   1 .5   1 . 7  

Ex  5  ^ a r n   o b t a i n e d  X*  b  in   Ex.  2  1180  1 3 . 8   0 .9   1 . 2  

—    ̂ ,  —  ̂   „ao  p i u u u c e a   as  r  ox  lows  :  Two 

raw  y a r n s   w e r e   i n t e r t w i n e d   w i t h   t h e   n u m b e r   of  l o w e r  

t w i s t s   p e r   10  cm  of  22  and  t h a t   of  u p p e r   t w i s t s   p e r   10  cm 
of  22  to   o b t a i n   a  g r e e n   c o r d .   An  RFL  a d h e s i v e   w a s  

a p p l i e d   to  t he   g r e e n   c o r d   by  t he   use   of  a  c o m p u t r e a t e r  
of  L i t z l e r   C o . ,   L t d .   The  o b t a i n e d   c o r d   was  d r i e d   a t  
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150°  C  f o r   120  s ec   u n d e r   c o n s t a n t   l e n g t h   and  s u b j e c t e d  

to  h e a t   t r e a t m e n t   u n d e r   t e n s i o n   c o m p r i s i n g   a  h e a t  

t r e a t m e n t   zone  of  200°  C,  30  s e c   and  a  s t r e t c h   r a t i o   o f  

1.5%  and  a  n o r m a l i z i n g   zone  of  200°  C,  30  s e c   and  a  

5  r e l a x   r a t i o   of   0.5%  to  o b t a i n   a  t i r e   c o r d .  

E x a m p l e s   6  to  8  and  C o m p a r a t i v e   E x a m p l e s   7  to  1 1  

S e v e n   t i r e   c o r d s   f o r   a  c a r c a s s   c o m p o n e n t  

h a v i n g   c o e f f i c i e n t s   of  t w i s t   g i v e n   in   T a b l e   2  w e r e  

p r o d u c e d   by  t h e   use   of  t he   raw  y a r n s   o b t a i n e d   i n  

L0  E x a m p l e s   1  and  2  and  C o m p a r a t i v e   E x a m p l e s   1  and  2.  T h e  

t i r e   c o r d s   we re   e x a m i n e d   f o r   c o r d   p r o p e r t i e s .   T h e  

r e s u l t s   a r e   shown  in   T a b l e   2 .  



<  -  T  « i  ■  "  ' I t   « 
r  f  c  r  --  t f  

r  t  t  * *  t  r 
.  ,  «  »  t 

0 2 2 5 3 9 1  

-  za  -  

Table  2 

n - w v - m   C o e f f i c i e n t   Tens i l e   
As  F a t i g u e  

Raw  yarn  s t r e n g t h   ua  r e s i s t a n c e  
(g/d)  (%)  (%)  (min) 

_  /•  yarn  ob ta ined   .Q,n  ,„  ,  X*  6  
in  Ex.  1  1860  10-6  i-4  !«3  46 

Comp.  yarn  ob ta ined   ,  on_  _  , 
Ex.  7  in  Comp.  Ex.  2  1890  7'4  ^   2'*  0 

Comp.  yarn  o b t a i n e d  
Ex.  8  in  Comp.  Ex.  1  1840  8 ^   2-°  2.1  5 

7  yarn  ob ta ined   „-,..  „  . Ex'  7  
in  Ex.  1  2340  8'9  !-8  1.7  62 

Comp.  yarn  ob ta ined   „__„ 
Ex.  9  in  Ex.  1  2550  7'9  3-4  2-3  84 

Comp.  yarn  ob ta ined   _  , Ex.  10  in  Ex.  1  2700  5'4  4-l  2-6  112 

Ex.  8  ^ - o b t a i n e d   ^   ^   ^   ^   ^  

JL\J 

&acn  t i r e   cord,  was  p r o d u c e d   as  f o l l o w s :   Two 

raw  y a r n s   w e r e   i n t e r t w i n e d   w i t h   t h e   n u m b e r   of  l o w e r  

JO  t w i s t s   p e r   10  cm  of  34  and  t h a t   of  u p p e r   t w i s t s   p e r   10  cm 

of  34  to   o b t a i n   a  g r e e n   c o r d .   An  RFL  a d h e s i v e   w a s  

a p p l i e d   to   t h e   g r e e n   c o r d   by  t h e   u se   of  a  c o m p u t r e a t e r   o f  

L i t z l e r   C o . ,   L t d .   The  r e s u l t i n g   c o r d   was  d r i e d   a t   150°  C 

f o r   120  s e c   u n d e r   c o n s t a n t   l e n g t h   and  s u b j e c t e d   to   h e a t  

5  t r e a t m e n t   u n d e r   t e n s i o n   c o m p r i s i n g   a  h e a t   t r e a t m e n t   z o n e  

of  200°  C,  30  s ec   and  a  s t r e t c h   r a t i o   of  3.5%  and  a  

n o r m a l i z i n g   zone  of  200°  c,  30  s e c   and  a  r e l a x   r a t i o   o f  

0.5%  to  o b t a i n   a  t i r e   c o r d .  
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CLAIMS 

1.  A  t i r e   c o r d   made  of   p o l y v i n y l   a l c o h o l   w h i c h   i s  

c o n s t i t u t e d   by  m u l t i f i l a m e n t   y a r n s   c o m p o s e d   of  a  

p o l y v i n y l   a l c o h o l   p o l y m e r   h a v i n g   a  d e g r e e   of  p o l y m e r i -  

5  z a t i o n   of  a t   l e a s t   2000 ,   h a v i n g   a  t e n s i l e   s t r e n g t h   o f  

15  g / d   or  more  and  an  i n i t i a l   m o d u l u s   of  250  g / d   or  m o r e  

and  s u b s t a n t i a l l y   u n d e r g o i n g   no  f u s i o n   b e t w e e n   s i n g l e  

f i l a m e n t s   and  has   c o r d   p r o p e r t i e s   of  n o t   l e s s   t h a n   8 . 5  

g / d   in   t e n s i l e   s t r e n g t h ,   0 .5   to  2.2%  in   m e d i u m  

10  e l o n g a t i o n   (MDE)  and  0 .2   to  2.0%  in   t h e r m a l   s h r i n k a g e  

(AS)  . 

2.  A  t i r e   c o r d   made  of  p o l y v i n y l   a l c o h o l   as  s e t  

f o r t h   in   c l a i m   1,  w h e r e i n   t he   m u l t i f i l a m e n t   y a r n   i s  

c o m p o s e d   of  a  p o l y v i n y l   a l c o h o l   p o l y m e r   h a v i n g   a  d e g r e e  

15  of   p o l y m e r i z a t i o n   of  2500  to   5700  and  has   a  t e n s i l e  

s t r e n g t h   of  17  g / d   or  more  and  an  i n i t i a l   m o d u l u s   o f  

290  g / d   or  m o r e .  

3.  A  t i r e   c o r d   made  of  p o l y v i n y l   a l c o h o l   as  s e t  

f o r t h   in   c l a i m   2,  w h e r e i n   t h e   m u l t i f i l a m e n t   y a r n   i s  

20  c o m p o s e d   of  a  p o l y v i n y l   a l c o h o l   h a v i n g   a  d e g r e e   o f  

p o l y m e r i z a t i o n   of  3000  to  5000  and  has   a  t e n s i l e   s t r e n g t h  

of  18  g / d   or   more  and  an  i n i t i a l   m o d u l u s   of  320  g / d   o r  

more   . 

4.  A  t i r e   c o r d   made  of  p o l y v i n y l   a l c o h o l   as  s e t  

25  f o r t h   in   c l a i m   1  or  2,  w h e r e i n   t he   f i n e n e s s   of  t he   s i n g l e  
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f i l a m e n t   c o n s t i t u t i n g   t h e   m u l t i f i l a m e n t   y a r n   i s   0 .5   t o  

5  d e n i e r .  

5.  A  t i r e   c o r d   made  of  p o l y v i n y l   a l c o h o l   as  s e t  

f o r t h   in   c l a i m   1,  2  or  4,  w h e r e i n   t h e   m u l t i f i l a m e n t   y a r n  

5  d o e s   n o t   g i v e   l o n g - p e r i o d   i m a g e   in   t h e   s m a l l - a n g l e   X - r a y  

s c a t t e r i n g   a n a l y s i s .  

6.  A  t i r e   code   made  of  p o l y v i n y l   a l c o h o l   as  s e t  

f o r t h   in   c l a i m   1,  2,  4  or  5,  w h e r e i n   t h e   p o l y v i n y l  

a l c o h o l   p o l y m e r   c o m p o s i n g   t h e   m u l t i f i l a m e n t   y a r n   has   a  

L0  d e g r e e   of  s a p o n i f i c a t i o n   of  9 9 . 5   m o l a r   %  or   m o r e .  

7.  A  t i r e   c o r d   made  of   p o l y v i n y l   a l c o h o l   as  s e t  

f o r t h   in   c l a i m   1,  w h e r e i n   t h e   m u l t i f i l a m e n t   y a r n   i s  

p r o d u c e d   by  a  d r y -   j e t   wet   s p i n n i n g   p r o c e s s .  

8.  A  t i r e   c o r d   made  of  p o l y v i n y l   a l c o h o l   as  s e t  

.5  f o r t h   i n   c l a i m   1,  2,  4,  5,  6  or   7  ,  w h e r e i n   t h e   a d h e s i v e -  

t r e a t e d   c o r d   i s   f u r t h e r   s u b j e c t e d   to  s o f t e n i n g   t r e a t m e n t .  

9.  A  t i r e   c o r d   made  of  p o l y v i n y l   a l c o h o l   as  s e t  

f o r t h   i n   c l a i m   1,  2,  4,  5,  6,  7  or   8,  w h e r e i n   t h e   t i r e  

c o r d   i s   f o r   u se   as  a  c a r c a s s   c o m p o n e n t   and  has   a  

0  c o e f f i c i e n t   of  t w i s t   of  1500  to  2500 ,   a  t e n s i l e   s t r e n g t h  

of  n o t   l e s s   t h a n   8 .5   g / d ,   a  medium  e l o n g a t i o n   (MDE)  o f  

1 .0   to  1.9%  and  a  t h e r m a l   s h r i n k a g e   (AS)  of  0 .4   to   2 . 0 % .  

10.  A  t i r e   c o r d   made  of  p o l y v i n y l   a l c o h o l   as  s e t  

f o r t h   in   c l a i m   1,  2,  4,  5,  6,  7  or  8,  w h e r e i n   t h e   t i r e  

5  c o r d   i s   f o r   u se   as  a  b e l t   c o m p o n e n t   and  has   a  
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c o e f f i c i e n t   of  t w i s t   of  500  to   1 5 0 0 ,   a  t e n s i l e   s t r e n g t h  

of  n o t   l e s s   t h a n   11  g / d ,   a  medium  e l o n g a t i o n   (MDE)  o f  

0 .5   to   1.2%  and  a  t h e r m a l   s h r i n k a g e   (AS)  of   0 .2   to   1 . 4 % .  

11.  A  p n e u m a t i c   t i r e   c o n t a i n i n g   a  t i r e   c o r d   as  s e t  

f o r t h   in   c l a i m   1,  2,  4,  5,  6,  7,  8,  9  or   10  as  a  

r e i n f o r c i n g   m a t e r i a l .  
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